Color flashes on a steady-white background are classically used to isolate the response of the chromatic (color-opponent), as opposed to achromatic (luminance), channel in psychophysical investigations. The present study shows that pupillary responses evoked by such stimuli behave as if they are composed of functionally separable components. One component has a temporally transient waveform and has an action spectrum that is similar to the spectral sensitivity curve of the psychophysical chromatic channel. The present study discusses the possibility that the pupillary response is mediated by phasic (Mofike) neurons and/or by tonic (P-like) neurons.
INTRODUCTION
The pupil, the aperture stop of the eye, is controlled largely by visual signals coming either directly from the optic tract or indirectly via the visual cortex (Loewenfeld, 1993) . Much of what is written in textbooks about this visuomotor reflex regards the "light responses" (i.e. the constriction and dilation evoked by changes in the ambient luminance) and how such responses help keep the retinal illuminance constant. However, several studies (reviewed below) have called attention to the fact that the pupil also responds to changes in chromaticity and to the possibility that the pupillary visual input may not be luminance specific. Kohn and Clynes (1969) were first to appreciate that the pupil may react to changes in the wavelength composition of the stimulus independently of luminance. In their "color exchange" demonstration, Kohn and Clynes showed that the pupil constricts in response to a temporal exchange between two colors, e.g. red and green. Because either direction of the color exchange (i.e. red to green or green to red) evoked a constriction even if a luminance increment could only occur in one direction of the color exchange, Kohn and Clynes reasoned that the constriction could not have been solely produced by luminance differences in the red and green lights, and thus, that changes in the chromaticity of the light contribute to the pupillary constriction. In their "color removal" demonstration, Kohn and Clynes showed that the pupil also constricts if one primary *Department of Ophthalmology and Visual Sciences, Texas Tech University Health Sciences Center, Lubbock, TX 79430-0001, U.S.A. 1"To whom all correspondence should be addressed.
color is suddenly removed from a color mixture; e.g. in a color mixture of red, green, and blue primaries, the red primary is turned off. If the pupil only responded to the luminance change, the pupil should have dilated because the pupil generally dilates in response to luminance decrements. Again, the observation of the pupil constriction led Kohn and Clynes to conclude that the pupil responds to the change in the stimulus chromaticity.
Subsequent investigators (e.g. Saini & Cohen, 1979; Young & Alpern, 1980) independently confirmed some of Kohn and Clynes' observations, removing the possibility that the pupillary constrictions to the chromaticity changes were produced by a stimulus artifact, and also demonstrating that the constriction can be evoked by isoluminant chromatic exchanges. So the question arose as to what type of visual process mediates the pupillary constriction evoked by changes in the stimulus chromaticity. Could the underlying process be a chromatic process similar to the chromatic (color-opponent) channel theorized by psychophysical studies? Could it reflect the activity of neurons similar to color-opponent (P-) cells observed by electrophysiological studies? Krastel, Alexandridis, and Gertz (1985) provided the first evidence that the pupillary system has access to a "color opponent" visual process. Krastel et al. showed that the pupillary action spectrum for chromatic flashes on a steady-white background was virtually identical to the spectral sensitivity curve obtained psychophysically under the same stimulus conditions. That is, the action spectrum has three prominent lobes with maxima in a long, middle, and short wavelength region and has a prominent dip in sensitivity near 570 nm, resembling what visual psychophysicists call the "Sloan notch". In accordance with psychophysical theory, the 898 EIJI KIMURA and ROCKEFELLER S. L. YOUNG chromatic-flash-on-white-background paradigm isolates the response of the chromatic (color-opponent) from that of the achromatic (luminance) channels, and the Sloan notch reflects the subtractive interaction of the underlying cone-opponent mechanism (e.g. Sperling & Harwerth, 1971; King-Smith & Carden, 1976; Thornton & Pugh, 1983; Kalloniatis & Harwerth, 1990; Calkins, Thornton & Pugh, 1992) . Thus, Krastel et al. ' s results suggest that the pupillary system is at least partly driven by signals similar to those of the psychophysical chromatic channel.
The objective of the present study is to extend Krastel's investigation of the pupillary response evoked by chromatic flashes on a white background. Until now, no one has independently replicated Krastel et al.'s observation, so one aim was simply to determine whether the observation could be repeated. A second aim was to investigate whether the Sloan notch is a general characteristic of the pupil action spectrum obtained on a white background or whether it is specific to the near-threshold intensity conditions on which Krastel et al.'s study had focused. This issue relates to the theoretical possibility that the pupillary visual mechanism may include multiple processes with different spectral sensitivity functions. A third aim was to investigate the relationship between the temporal waveform of the pupillary response and different flash intensities and wavelengths. Recent studies showed that the temporal waveform of the pupillary response varies systematically with different stimulus conditions (reviewed in Young, Han& Wu, 1993; Young & Kennish, 1993) . For example, in response to small luminance steps, isoluminant color exchanges, or the appearance/disappearance of low contrast, low spatial frequency gratings, the pupil constricts transiently (i.e. constricts only momentarily following the stimulus change). By comparison, in response to large luminance steps or to the appearance of high spatial frequency gratings, the pupil constricts in a sustained fashion (i.e. constricts during the duration of the stimulus). Furthermore, previous studies suggested that the pupillary response waveform can be described as a linear sum of temporally transient and sustained components, each with different functional properties Young & Kennish, 1993) . Thus, the present study asks whether the pupillary responses evoked by chromatic flashes can also be decomposed into transient and sustained components.
METHOD
Three observers with normal color vision participated in this study. They were emmetropic and none were taking medication during the testing period. Observers A and J were observers in previous studies by and Young and Kennish (1993) ; observer M was an observer in a study by Young and Kennish (1993) . Written informed consent was obtained from each observer prior to the start of the study.
The stimulus apparatus, a three-channel Maxwellian view optical system, is shown in Fig. 1 (1985) , the present methodology utilized a long (6 sec) flash duration. The rationale for the long duration stems from which showed that long stimulus durations are needed to separate ON and OFF from steady-state portions of the pupillary response. The retinal illuminance of the white background field was about 2.43 log phot td (2.96 log scot td).
The test and background intensities and the density of a variable neutral density wedge were calibrated using a PIN-10SB photodiode. The optical density of the Inconel neutral filters was factory calibrated. The wavelength settings on the monochromator were calibrated prior to the experiment using a mercury vapor lamp.
The pupillary responses were recorded from the observer's right eye using an infrared video pupil tracking system . A Pulnix video camera (C) was placed below the observer's line of sight. An infrared illuminator (IR) was positioned on the right side of the observer's right eye (Fig. 1) . The pupil diameter was recorded with 9 bits of digital resolution and with a data sampling rate of 60 Hz. Output signals from the pupil tracking: system were processed on an 80386 computer and stored on disk. The responses to each stimulus condition were averaged off-line. Digital output from the tracking system was calibrated with artificial pupils of diameters ranging from 2 to 9 mm placed in the plane of the observer's pupil. The digital resolution of the system was about 21/~m.
In ancillary experiments, psychophysical detection thresholds were obtained for each observer using a method of limits including four ascending and four descending series. The observer was instructed to detect changes in the appearance of the stimulus field following the flash onset. The psychophysical thresholds were used to estimate the range of test intensities in the pupil experiment.
Each observer dark-adapted for at least 10min at the beginning of each experimental session and then preadapted to the white background field for 2 min. The intensity of the test flash was typically varied from several tenths of a log unit below the psychophysical threshold to about 2.0 log intensity above threshold or the highest intensity available. The test wavelength conditions were divided into four blocks of five or six wavelengths. Each block was tested in 3-h sessions until eventually each stimulus condition was repeated 30 times. Responses to white flashes were recorded in different sessions.
RESULTS
The pupillary responses evoked by white test flashes on a steady-white background illustrate a familiar property of the pupillary light reflex (Fig. 2, right column) . The pupil constricts in response to the flash onset and then, in most observers, dilates back to its resting baseline diameter following the flash offset. The responses to a monochromatic test flash on a steady-white background ( 
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FIGURE 2. Pupillary responses evoked by test flashes on a steady white background. The test wavelengths (specified at the top) correspond to the peaks and notches in the psychophysical spectral sensitivity curve (Fig. 4) . Middle rows illustrate the responses for ob,;ervers A, J, and M. The pupillary responses evoked by different test intensities are superimposed on one another. The bottom row shows the waveform of the pupillary response averaged across the three observers. The ordinate (bottom row) does not reflect the absolute pupil constriction as each response waveform except the top one was displaced downward in successive 0.3 mm steps for clarity. The flash onset occurred at time zero and the offset at 6 sec. Theright column of numbers describes the log test intensity relative to psychophysical detection threshold (indicated as zero). C: Steady-state Log Relative Test Intensity (Log Quanta sec -1 deg 2) FIGURE 3. Intensity-amplitude functions for three portions of the pupillary response waveform, the ON (A), the OFF (B), and the steady-state (C) portion. The abscissa shows the test intensity (quanta sec -= deg -2) relative to the psych•physical threshold, designated as zero on the log axis. Except for the 440 nm wavelength condition, the data obtained with other test wavelengths (the number below each family of data) were displaced horizontally in successive 2.0 log unit steps for clarity. Each symbol denotes the data for an observer: circles, observer A; squares, observer J; and triangles, observer M. Solid lines show the average intensity amplitude functions for three observers.
The intensity-amplitude functions for the ON, OFF and steady-state portions of the response were examined for each flash wavelength (Fig. 3) . The results show that the amplitudes of both the ON [ Fig. 3(A) ] and steadystate [ Fig. 3(C) ] portions generally increase with flash intensity, regardless of its wavelength. Likewise, the amplitudes for the OFF portion of the response vary with intensity in a similar fashion for all flash wavelengths [ Fig. 3(B) ]. But unlike that of the ON or steady-state portions, the OFF amplitudes appear to saturate with increasing test intensities. Note that the response amplitude of the ON portion was measured from the resting pupil diameter at flash onset to the initial peak constriction. The amplitude of the steadystate portion was measured from the baseline to the steady-state constriction diameter (which was determined by averaging the pupil diameter during the period from 2.2 to 5.2 sec after the flash onset). The amplitude of the OFF portion was measured from the pupil diameter at the flash offset to the peak of the subsequent constriction.
The action spectrum for the ON, OFF and steadystate portions of the response was derived from the intensity-amplitude functions by computing the relative log quantum flux required for a criterion pupillary constriction amplitude. The amplitude criterion chosen was first about 0.1 mm or less, i.e. a criterion which is very small but still greater than the amplitude of random fluctuations. The results show that the action spectrum of only certain portions of the response is similar to the psych•physical spectral sensitivity curve (Fig. 4) . The action spectra derived from the ON and OFF amplitudes were similar, but that from the steady-state amplitudes was dissimilar. The steady-state action spectrum has relatively lower sensitivity than the psych•physical spectral sensitivity curve for wavelengths greater than 590 nm [ Fig. 4(B Wavelength (nm) (B) , ,
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FIGURE 4. Action spectra derived from the ON (O and I-q), OFF (O), and steady-state (I) portions of the pupillary response waveform. (A) Action spectra for individual observers. The ON action spectra for all observers are plotted in actual quantal sensitivity (reciprocal quanta sec -t deg-2). The psychophysical spectral sensitivity curve (bold solid lines) and other action spectra, however, were shifted vertically to illustrate their similarities and differences. The OFF and steady-state spectra for observer A were shifted by + 0.2 and -0.45, respectively. The steady-state spectrum for observer J was shifted by -0.65. The psychophysical spectral sensitivity curve, OFF and the steady-state spectra for observer M were shifted by -0.5, +0.2 and -0.3, respectively. Thee action spectra derived from the high criterion ON amplitude (I-q) and from the steady-state amplitudes (11) can be reasonably described as a linear sum of the quantized scotopic and photopic luminous e~ciency functions (thin solid lines; Wyszecki & Stiles, 1982; Vos, 1978) . The relative weights for the photopic function were 49% for observer A, 13% for observer J, and 20% for observer M. Alternatively, the two action spectra can be described as a linear sum of the LWS-, MWS-, and SWS-cone spectra (thin dotted line; Smith & Pokorny, 1975) . The relative weights for LWS-and MWS-cones were 30% and 37% for observer A, 3% and 41% for observer J, and 14% and 20% for observer M, respectively. (B) Comparison of mean (of the three observers) spectra. The low (top, O) and high (bottom, IS]) criterion ON action spectra are shown in actual position, expressed as reciprocal quanta sec-l deg-2. For the sake of clarity, the OFF (O) and steady-state (11) spectra were arbitrarily displaced by -0.39 and -0.93, respectively. The psychophysical spectral sensitivity curve was shifted for best fit over the flash wavelengths from 400 to 570 nm for each set of data.
The dissimilarity in the shape of the steady-state action spectra with the psychophysical spectral sensitivity curve prompted further study of the spectral nature of the steady-state responses. The study examined two possibilities. First, the steady-state action spectrum can be accounted for by a linear, additive combination of different cone spectra. Results showed an adequate fit for the combination of three cones [ Fig. 4(A) ] but a poor fit for combinations of two cones, such as the MWS-and SWS-cones. Second, considering the possibility that light scattered by the monochromatic flashes might evoke peripheral rod signals that only contribute to certain aspects of the pupillary response, the study also investigated whether the steady-state action spectrum could be described by a combination of photopic and scotopic luminous efficiency functions. The fit was adequate for a combination of two functions [ Fig. 4(A) ], but poor for either one alone. The sum square errors for the combination of scotopic and photopic efficiency functions were about the same as that for three-cone function.
Examination of the pupillary action spectra using other amplitude criteria showed that while the action spectra for the steady-state and OFF amplitudes do not show systematic change with the amplitude criterion, the action spectrum for the ON amplitude was strongly dependent on the criteria used. Whereas the low criterion ON action spectrum was similar to the psychophysical spectral sensitivity curve, the high criterion ON action spectrum was dissimilar [ Fig. 4(B) ]. The high criterion ON action spectrum was similar to the steady-state action spectrum [ Fig. 4(A) ]. A principle component analysis* was used to investigate whether the variance in the pupillary responses could be accounted for in terms of functionally separable components. The method of analysis (PCA) was described previously Young & Kennish, 1993) . Briefly, a first principal component was *There are probably a number of other analytical methods which can account for the variance in the pupillary response waveforms. The rationale for pursuing this variant of PCA was based on previous work Young & Kennish, 1993 obtained by assuming that in the midst of the pupillary response (i.e. at 4.78 sec) the amplitude is exclusively mediated by one component, "the first principal component". The temporal weighting function of the first component was then derived from an analysis of covariance between the amplitudes at 4.78 sec and at different points in time. To obtain the second principal component, the temporal weighting function of the first component was scaled according to the sustained portion in the response and subtracted from the response. Then the covariance analysis was applied to the residual responses to determine whether a second scalable component waveform could be found. To determine the existence of a third, fourth, or higher component, the analysis was repeated. PCA was applied to the averaged pupillary response (three observers) evoked by monochromatic flashes. Representative results of the analysis (Fig. 5) illustrate that the variance in response waveforms can be accounted for by two scalable component waveforms, hereafter called principal components (PCs). One PC has a sustained waveform with an initial overshoot, and the other has a purely transient waveform [ Fig. 5(A, B) ]. The PCs accounted for much of the response variance, (Fig. 6 ) is similar to that of the OFF portion (Fig. 3) , whereas the intensity-amplitude function for the sustained PC is similar to that of the steady-state and ON portions of the response. The action spectra for the transient PC is similar to those for OFF and low-criterion ON portions, whereas the action spectrum for the sustained PC is similar to those for the steady-state and high-criterion ON portions of the pupillary response (Fig. 7) . In other words, the ON portion of the pupillary response can be accounted for by a linear sum of both the transient and sustained PCs, whereas the OFF and steady-state portions can be accounted for by the transient and sustained PCs, respectively.
PCA also provides evidence that the transient PC has physiological relevance. The action spectrum of the transient PC is similar to the spectral sensitivity curve of the psychophysical chromatic channel [ Fig. 7(B) ]. Furthermore, the transient PC of the pupillary response, like the psychophysical chromatic channel, has the higher sensitivity of the two main components when tested on a steady-white background [ Fig. 7(A) ]. Comparison between the sensitivity of two PCs is possible because both sensitivities could be determined from the reciprocal of the flash intensity required to produce a criterion amplitude constriction in the initial peak of the transient and sustained PCs.
DISCUSSION
Although the human pupil generally behaves as if it were driven by luminance signals, the present study reaffirms the belief that the pupillary visual pathway is not luminance-specific. Specifically, the present results confirmed Krastel et al.'s (1985) finding that the nearthreshold pupillary action spectrum and psychophysical spectral sensitivity curve obtained on a white background are similar. The pupillary action spectrum exhibits a dip in sensitivity near 570 nm, similar to what psychophysicists call the Sloan notch.
Krastel's finding, however, only partially characterizes the property of the pupillary response evoked on a white background. The present study suggests two additional properties. The first concerns variations in the pupillary action spectrum. The results show that the spectral property of the pupillary responses on a white background is not well characterized by a single action spectrum. Different temporal portions of the response waveform, e.g. the steady-state and OFF portion of the response, do not have identical action spectra. The Sloan notch, which is obvious in the OFF action spectrum, is less if at all evident in the steady-state action spectrum [ Fig. 4(B) ]. Additionally, the action spectrum for the ON portion of the response is different when derived for a low-and a high-response amplitude criterion [ Fig. 4(B) ]. Taken together, these observations suggest that either the visual mechanism underlying the pupillary responses on a white background is not univariant or the mechanism has multiple processes with different spectral sensitivities. One might ask whether the presence or absence of peaks and troughs in the different pupil action spectra is attributable solely to random error. The available results do not support this possibility [ Fig. 4(A) ]. If random error greatly affected the shapes of the pupil action spectra, every action spectrum derived would have a different shape. The present results, however, showed that certain action spectra derived in the same observer are similar to each other. For example, the shapes of the steady-state and high criterion ON action spectra are similar to each other for all three observers; the shapes of the OFF and low-criterion ON action spectra are similar especially for observers J and M. (A better method for assessing the relative effects of random error is to compare repeated measurements of the same action spectrum in individual observers. However, because of the lengthy experiments required to obtain even a single measure, the repeated measurement was not made.)
A second property regards the observation that the waveform of the pupillary response evoked by monochromatic flashes is not identical to that evoked by achromatic (white) flashes on a white background. Whereas the latter consists mostly, if not entirely (in two of the three observers), of a constriction associated with the onset and steady-state aspects of the stimulus, the former consists of the same response features plus a constriction associated with the flash offset. No one had previously reported the association of the OFF constriction response with the chromatic-flash-on-whitebackground stimulus, but Kohn and Clynes (1969) reported a similar observation under slightly different stimulus conditions. When a red light was flashed onto a green background (or vice versa), the pupil constricted in response to the flash offset as well as the onset; however when the red light was flashed in the dark, no constriction was produced in response to the flash offset. The implication from the present and previous results is that the pupillary constriction evoked by chromatic flashes on a background is composed of multiple components, one which is evoked by luminance increments alone and one which is evoked by chromaticity changes even in the presence of luminance decrement. These results also lend support to the observation that the ON, OFF and steady-state portions of the visuallyevoked pupillary response do not have identical stimulus-response properties (e.g. Young & Kennish, 1993) .
Questions regarding the visual mechanism(s) underlying visually evoked pupillary responses have been raised occasionally in the literature. Some studies considered the possibility that pupillary responses evoked by spatial patterns, for example, may arise secondary to visual cortical processes, whereas the responses evoked by diffuse flashes may be driven by a more direct subcortical visual pathway (e.g. Barbur & Forsyth, 1986) . Recent studies Young & Kennish, 1993) considered the underlying visual mechanism from a slightly different theoretical perspective that pupillary responses may be driven by functionally (not necessarily anatomically) distinct visual pathways, such as a phasic (M-like) and a tonic (P-like) pathway. Young et al. posited this hypothesis to account for the observations that (i) the pupil responds not only to luminance, but also to chromaticity (e.g. Kohn & Clynes, 1969) and spatial patterns (e.g. Slooter & van Norren, 1980) ; (ii) the spatial acuity (e.g. Slooter & van Norren, 1980) and scotopic sensitivity (e.g. Stewart & Young, 1989) of the pupil are similar to those of the perceptual visual system; and (iii) the pupillary response can be temporally transient or sustained (e.g. Lowenstein & Loewenfeld, 1969 ). The results of recent studies Young & Kennish, 1993) supported the hypothesis and led to the conclusion that the pupillary response is composed of at least two functionally separable components, one with a temporally transient waveform and one with a temporally sustained waveform.
Krastel's conclusion that the pupil is mediated by a color opponent process also relates to the hypothesis that the pupil may be me, diated by phasic (M-like) and tonic (P-like) neurons. It is now known that both tonic color opponent (P-) and phasic broad-band (M-) visual neurons exhibit some fo~a of cone-opponent interaction (e.g. Wiesel & Hubel, 1966; Gouras & Zrenner, 1981; Lee, Martin, Valberg & Kremers, 1993) . Although a previous study (Crook, Lee, Tigwell & Valberg, 1987) did not observe cone-opponent interactions in phasic (M-) neurons with luminance increments of monochromatic lights on a white background, such interactions in phasic (M-) neurons are particularly evident in the second harmonic of the responses evoked by temporal color modulations (Lee et al., 1993) . Thus, with regards to the pupillary visual mechanism, one could ask whether the Sloan notch in the pupillary action spectrum is mediated by phasic (M-like) and/or tonic (P-like) visual neurons or, in the: context of the present study, whether the Sloan notch iis associated with the transient, sustained, or both response components.
The PCA showed that the variability ~n the response waveforms can be accounted for in terms of a linear sum of transient and sustained PCs and that the temporal waveforms of the two PCs are similar to those derived in a previous study for pupillary responses evoked by achromatic spatial gratings (Young & Kennish, 1993) , thus providing additional support for the idea visuallyevoked pupillary responses can generally be decomposed into transient and sustained components. With regard to the main question whether the Sloan notch is associated with the transient and/or sustained components, the analysis showed that the Sloan notch arises mostly from the transient component (Fig. 7) . However, the analysis does not help to decide whether the transient component is mediated by phasic (M-like) and/or tonic (P-like) visual neurons.
There is evidence supporting the possibility that the transient component reflects the activity of phasic (M-like) visual neurons. Previous studies Young & Kennish, 1993) reported similarities between the stimulus-response properties of the transient component and phasic (M-) neurons. Similar to a phasic ON-neuron (Schiller & Colby, 1983; Lee, Martin & Valberg, 1989) , the transient component responds to the onset of a luminance step and to isoluminant chromatic exchanges. In response to achromatic spatial patterns, the transient component, like phasic (M-) neurons (Derrington & Lennie, 1984; Kaplan & Shapley, 1986) , exhitits a high corttrast gain, a nonlinear saturating contrast-amplitude function, and a low-pass spatial filter characteristic.
However, one cannot rule out the alternative possibility that the transient component is, driven by signals from tonic color-opponent (P-like) visual neurons. Tonic signals reaching the pupillomotor center may be differentiated in time and rectified (Young & Alpern, 1980) . In support of this possibility, the action spectrum of the transient PC on a white background appears to have a SWS-cone lobe (Fig. 7) . This would implicate tonic visual neurons because few phasic (M-) neurons receive SWS-cone input whereas many tonic (P-) neurons do (Gouras & Zrenner, 1981; Lee et al., 1989) .
It is worth noting that the possible association between the transient pupil component and tonic visual neurons is contrary tO Young and Kennish (1993) which suggested that tonic visual neurons may mediate the sustained pupil component. Young and Kennish's belief was based on several parallels observed in the response properties of the sustained pupil component in humans and the tonic (P-) pathway in monkeys; e.g. just as the tonic (P-) pathway is essential to the high visual acuity in monkeys (Merigan & Eskin, 1986; Schiller, Logothetis & Charles, 1990) , the sustained component is essential for the high pupil visual acuity in humans. But, as suggested by one reviewer, the basis for Young and Kennish's belief is not irrefutable. If the sustained pupillary response evoked by high spatial frequency stimuli is mediated by continuous bursts of phasic neural signals that arise from the transient stimulation produced by fixational eye movements, then there is no need to suppose that the sustained pupil component reflects signals from tonic visual neurons. Thus, the hypothesis that the transient pupil component is mediated by tonic visual neurons whereas the sustained pupil component is mediated by phasic visual neurons is tenable.
In summary, the present results confirm Krastel et al.'s original observation and provide more details about the visual properties of the pupillary response. The PCA leads to the conclusion that, under the present set of stimulus conditions, the cone opponency exhibited by the pupillary response originates predominantly from one component, the transient component. The present results also raise several new questions. Is the short wavelength lobe of the transient component's action spectrum actually mediated by SWS-cones? Is the association of the Sloan notch with specific pupillary components dependent on such stimulus parameters as flash size, flash duration, or background intensity? Is the transient component truly red-green opponent and, if so, why doesn't it exhibit a response null for monochromatic flashes near 570 nm?
